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Techniques manipulating fluorophores to visualize biological processes have become increasingly
sophisticated in recent years, allowing individual events to be examined within living cells. Where
are these technologies going now? This issue’s Select features recent methodological break-
throughs that establish new clinical tools and clever probes for exploring cellular functions.Live cell image of mutNHEJ (red) and
HDR (green) events. Image courtesy of
M.T. Certo.Traffic Light Gives the Go-Ahead for Genome
Engineering
Onemethod for engineering genomes exploits endogenous pathways that repair
DNA breaks following treatment with endonucleases with rare cut sites. To eluci-
date variables that influence repair outcomes following cleavage, Certo et al.
(2011) now describe a reporter called ‘‘traffic light’’ that allows flow cytometric
analysis of the type of repair occurring at an individual DNA breakpoint. By
embedding a nuclease cleavage site within the open reading frame of enhanced
GFP (eGFP), repair after breakage can either be resolved through homology-
directed repair (HDR), in which case eGFP fluorescence is restored, or by muta-
genic nonhomologous end-joining (mutNHEJ), whereby the resultant frameshift
places amonomeric (m)Cherry in frame, signaling gene disruption. Distinguishing
between HDR-mediated gene targeting andmutNHEJ-mediated gene disruptionallows the investigator to modulate parameters of the experimental system to encourage repair via the desired ‘‘engi-
neering-productive’’ pathway. As a proof of this principle, the authors performed a screen of the kinome using small
interfering RNAs to find engineering enhancers, also showing that the effect of knocking out modulators of HDR relies
on context-dependent affinities and activities of the nuclease used to induce the break in the first place. In the future,
the endogenous factors and events that promote the dominance of one pathway over the other may be delineated, and
small molecule screens may identify inhibitors affecting specific repair pathways.
Certo, M.T., et al. (2011). Nat. Methods 8, 671–676.PP7-GFP binds nascent pre-mRNA stem
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courtesy of D.L. Larson.Single Yeast Gene in the Spotlight
Is it possible to observe the activity of a single polymerase on an endogenous
gene to catch transcription initiation in flagrante? Robert Singer and colleagues
have successfully piloted a new technique to do just that in the budding yeast
Saccharomyces cerevisiae, observing RNA polymerase II (RNAPII) activity in
a living cell. By inserting a cassette into the 5’ untranslated region (UTR) of a target
gene that encodes both a cell cycle-regulated promoter and binding sites for the
PP7 bacteriophage coat protein, a constitutively expressed chimera of PP7-GFP
can immediately bind to the nascent RNA stem-loop structures as soon as tran-
scription is initiated. Puncta of GFP fluorescence thereby indicate real-time tran-
scription kinetics in living cells. In this way, the authors measure the first steps in
pre-mRNA synthesis and the total dwell time of RNA at the site of transcription.
Pre-mRNA synthesis is observed to be processive, and fluorescence fluctuation
analysis enables the authors to deduce that there is no transcriptional memory between initiation events for this
promoter. Taking this further by inserting the PP7 cassette in either the 5’UTR or 3’UTR of a longer gene, elongation
and termination kinetics were analyzed, showing that dwell times and initiation and elongation rates for this gene varied
over the cell cycle. Future studies in mammalian cells using this system may shed light on the influence of chromatin
architecture on rates of endogenous transcription initiation, elongation, and termination in real time and in living cells.
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Fluorophore-RNA aptamer pairs illuminated with 365 nm of
light. Image courtesy of J.S. Paige and S. Jaffrey.
Cells expressing GFP gener-
ate laser light with well-
defined mode structures.
Image courtesy of M.C. Gather
and S.H. Yun.I Can Sing a RNAinbow
So far, fluorescence studies of nucleic acids, such as the report
by Larson et al. described above, have relied on co-opting
proteins to visually identify the RNA or DNA component. But
what if the RNA could fluoresce itself? A recent study provides
an exciting glimpse at what may be possible in developing RNA
mimics of GFP and other protein fluorophores, facilitating
examination of purely RNA-based processes. Paige et al.
report RNA aptamers that can bind fluorophores resembling
the cyclized amino acids in GFP, named 4-hydroxybenzlidene
imidazolinone (HBI). Through a series of systematic evolutionscreens and refinement iterations, the authors have identified derivatives of HBI that bind to specific RNA aptamers,
exhibiting eGFP-like fluorescence across the visual spectrum, including yellow, green, blue, and orange-red fluoro-
phore-aptamer complexes. The green RNA-fluorophore pair, named ‘‘Spinach,’’ was used to tag RNA transcripts in
both E. coli and human HEK293 cells. Fusing Spinach to the end of 5S, a small noncoding RNA transcribed by Pol III,
showed fluorescence distribution similar to that of endogenous 5S in the same cell type in both normal and stress
conditions, demonstrating that these RNA-based fluorophores can be used in living mammalian cells to monitor
RNA dynamics. It is easy to predict the use of genetically encoded RNA-fluorophore complexes in modified FRET
and FRAP experiments to further unpick RNA dynamics unfettered by protein interactions.
Paige, J.S., et al. (2011). Science 333, 642–646.Photocrosslinking of an implant with skin expo-
sure to an LED. Image courtesy of J. Elisseeff.Photoactivated Remodeling of Human Tissue
The advent of optogenetics has allowed biomedical researchers to use
laser light in selectively activating light-sensitive channels in neurons to
modulate biological outputs. Now this concept of tuning photosensitive
modules in vivo is being extended to soft tissue engineering. Hillel et al.
(2011) have recently demonstrated the potential of using a photoactivatable
polymer in a pilot clinical study to improve treatment of skin contour
defects, often required after tumor excision or trauma. Hyaluronan (HA)
has been used for some time as the basis for injectable soft tissue replace-
ments. However, the presence of endogenous hyaluronidases drasticallyreduces the half-life of these implants. Unfor-
tunately, chemical crosslinking of HA makes it difficult to inject and mold to the shape of
the organ treated (vitally important, if this is the patient’s face), so the authors have pio-
neered a photoactivatable polyethylene glycol (PEG)-HA polymer that is easily injected
and manipulated during reconstructive surgery. After placement of the implant, the poly-
mer is exposed to laser treatment to crosslink the PEG-HA, which enhances the durability
of the compound in situ. This technique is suited to surface-level soft tissue engineering,
as it relies on the administration of light. But could future developments allow the remod-
eling of internal organs with an internal light source? Interestingly, a proof-of-principle
study from Gather and Yun (2011) demonstrates the possibility of creating laser light
from eGFP expressed in a HEK293-derived cell line. eGFP contains the right physical
properties to allow excitation with photons that ‘‘pump’’ the protein into a cycle of absorp-
tion and emission spectra to create laser light. The authors demonstrate that this laser-
emitting capability of eGFP can be stimulated at normal cytoplasmic expression levelsof eGFP in a transiently transfected human cell (300 mM), and even after extended periods emitting, the cells were
still viable. This is clearly a long way from clinical utility, but it seems that the hope of overcoming the limited penetration
of light through biological tissue may soon be realized.
Hillel, A.T., et al. (2011). Sci. Transl. Med. 3, 93ra67.
Gather, M.C., and Yun, S.H. (2011). Nat. Photonics 5, 406-410.
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